In a series of 1304 patients (1867 knees), the results of simultaneous and staged bilateral total knee arthroplasty were compared with each other and with unilateral total knee arthroplasty. The bilateral procedures had a significantly higher rate of complications than unilateral procedures, almost entirely because of thromboembolic problems. However, this did not correspond to an increase in mortality. If a bilateral procedure was indicated, then a simultaneous procedure had no increased risk over a staged procedure. There was no increase in cardiovascular complications, the rate of deep-vein thrombosis or pulmonary embolism or mortality. The rate of infection was lower with a bilateral procedure and the overall revision rate was less than 1% in all groups. The prosthesis functioned as well in all groups in the medium and longer term periods.
In a series of 1304 patients (1867 knees), the results of simultaneous and staged bilateral total knee arthroplasty were compared with each other and with unilateral total knee arthroplasty. The bilateral procedures had a significantly higher rate of complications than unilateral procedures, almost entirely because of thromboembolic problems. However, this did not correspond to an increase in mortality. If a bilateral procedure was indicated, then a simultaneous procedure had no increased risk over a staged procedure. There was no increase in cardiovascular complications, the rate of deep-vein thrombosis or pulmonary embolism or mortality. The rate of infection was lower with a bilateral procedure and the overall revision rate was less than 1% in all groups. The prosthesis functioned as well in all groups in the medium and longer term periods.
We feel that simultaneous bilateral total knee arthroplasty is a safe and successful procedure when compared with a staged bilateral procedure. It also has the added benefit of single anaesthetic, reduced costs and decreased total recovery time when compared to a staged bilateral procedure. For these reasons it should be considered as an option in the presence of bilateral knee joint disease.
In patients with bilateral arthritis of the knee the timing of total knee arthroplasty (TKA) has stimulated debate. There is support for simultaneous bilateral procedures performed under one anaesthetic [1] [2] [3] with similar results to those of staged procedures, greater satisfaction for the patient and decreased costs. 4 Critics point to increased peri-operative complications, particularly cardiovascular, because of the increased surgical insult and the thromboembolic complications are more common. 5, 6 Uncemented TKA has the advantage of a shorter tourniquet time without the potential embolic complications from cement pressurisation. However, increased bleeding from the uncemented bone surfaces may provoke cardiovascular complications.
Our study analysed the results of simultaneous and staged bilateral, uncemented TKA and compared them with the results of unilateral TKA in order to assess the safety and efficacy of each approach.
Patients and Methods
Between 1992 and 2003, all TKAs performed by the senior author (MJC) were prospectively recorded. The patients were divided into one of three groups: simultaneous bilateral, staged bilateral and unilateral. Staged bilateral patients were allocated to the unilateral group until completion of the second operation when they became part of the staged group. The decision to undertake either a simultaneous or staged bilateral operation was dependent on the severity of the disease in each joint.
A total of 1304 patients (1867 knees) were included in the study. Details are given in Table  I . There were 438 patients in the simultaneous bilateral, 125 in the staged bilateral and 741 in the unilateral group. Most of the patients in the staged bilateral and unilateral groups were female and in the simultaneous bilateral group male (p < 0.01). Their mean age varied between 65 (staged bilateral) and 68 years (unilateral) and was significantly different among the three groups (p < 0.05). The primary diagnosis was osteoarthritis in each of the groups (p = 0.907).
All peri-operative complications were recorded prospectively, as were pre-operative and post-operative knee scores (Knee Society Clinical Rating scores) 7 at three and six months, and one, two, five, and ten years thereafter. These were recorded independently by either a researcher (ENP) or orthopaedic surgeons completing their fellowship training programme. All the patients underwent a post-operative Doppler ultrasound scan before discharge to assess deep-vein thrombosis, usually at seven days after operation, before being sent home or referred to a rehabilitation centre depending on their progress. The prosthesis used was the Active TKR system (Australian Surgical Design and Manufacture, Sydney, Australia). This is a modular posterior-cruciate-retaining cementless design with a hydroxyapatite coating and no stem. The femoral component is cobalt chrome (CoCrMo) with the beads recessed into the proximal end of the prosthesis. The tibial component is titanium alloy (Ti6A14V) with a beaded distal surface and is fixed by four cortical and cancellous bone screws. A hydroxyapatite coating on the beaded surface ensures long-term fixation. A fixed bearing ultra-high-molecular-weight polyethylene (UHMWPE) insert was used in all cases. A cemented polyethylene patellar component was used when required. A standard surgical procedure was followed in all patients. A tourniquet was used in all except when there was a vascular contraindication. The mean tourniquet time was 43 minutes. A suction drain was used in every case (Bellovac; Astra Tech, Molndal, Sweden). Statistical analysis. This was performed using SPSS software, version 10.0 (SPSS, Chicago, Illinois). For the purpose of the analysis the data were assumed to be nonparametric. All three groups were analysed and compared as were the bilateral groups (simultaneous bilateral and staged bilateral). An analysis of variance (ANOVA) was used in the groups with interval data (age, knee score and range of movement). A chi-squared test was used for categorical data. The level of significance was set at p < 0.05.
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Results
The mean follow-up was similar in the simultaneous bilateral and unilateral groups (76 and 75 months, respectively) and varied slightly in the staged bilateral group (90 months for the first knee and 57 months for the second knee). The total range of follow-up for the three groups was a minimum of 13 months after surgery to 148 months. The mean time between the first and second operations for the staged group was 34 months (2 to 120) with eight of the 125 patients (6.4%) having their second procedure within six months.
Details of complications are given in Tables II to IV . The number of post-operative complications was significantly higher (p < 0.001) in both simultaneous bilateral and staged bilateral groups when compared with the unilateral group. However, when the two bilateral groups were compared for total complications there was no difference (p = 0.611). There were 77 (17.6%) and 21 (15.2%) cases of thrombosis in the simultaneous bilateral and staged bilateral groups, respectively, compared with 82 (11.1%) in the unilateral group (p < 0.01). Pulmonary emboli were also more common in the bilateral groups compared with the unilateral group (p = 0.078). Again, there was no difference in the rates of pulmonary embolism between the two bilateral groups (p = 0.902). Cardiac complications showed a comparable incidence in the three groups (p = 0.467).
The rate of deep infection was also similar when the three groups were compared (p = 0.428) but showed an increased trend towards the staged bilateral group when the two bilateral groups were compared (p = 0.186). Overall, there have been 13 revision procedures (six simultaneous bilateral, one staged bilateral, and six unilateral, p = 0.838) and two peri-operative deaths (one in both the bilateral groups) both from myocardial infarction (p = 0.095).
The pre-operative and post-operative knee scores and range of movement are given in Table V . There was a significant improvement in the values and the scores at one year (p < 0.01). The mean score in the three groups showed varying levels of significance among the groups. The mean scores ranged from 93 to 98 pre-operatively and increased to a range of 181 to 186 at five years.
Discussion
A satisfactory outcome after TKA for much of this cohort of patients at follow-up of five and ten years has previously been reported; 8 the purpose of this study was to investigate the outcome after bilateral procedures.
The suitability of TKA as a simultaneous procedure has been debated for many years. Previous studies have reported good results. 2, 3 Some centres have published high rates of simultaneous procedures 1 while others have questioned the indications for simultaneous operations. 9, 10 In our centre all patients with symptoms severe enough to warrant TKA are offered a simultaneous procedure and this has resulted in 33% of our patients undergoing simultaneous TKA.
The patients were followed up for a range of 13 to 148 months and those who underwent a unilateral TKA and subsequently developed severe symptoms in the contralateral knee had a staged bilateral procedure. Co-morbidity was rarely a factor in the decision to stage the procedure and in patients in whom co-morbidity was a concern a physician assessed the patient's suitability for bilateral surgery. In our series fewer than 10% of patients required a staged TKA, which indicated the suitability of the selection criteria at the initial operation. In all 43% of our patients required bilateral procedures (staged and simultaneous). For the first two years after surgery patients returned for follow-up of their own volition. At five years and again at ten years, all patients were contacted for a clinical follow-up. Currently, follow-up data is available for 96% of patients at five years and 94% at ten years. An increased rate of complications from simultaneous procedures has been a potential concern. 6, 11 There have been several studies which have shown acceptable rates in cemented TKA but none using an uncemented prosthesis. 1, 5 An increased blood loss after bilateral TKA has been reported. 12 Other authors have reported an increased blood loss after uncemented TKA, but without an increase in transfusion requirements if a low-pressure suction re-transfusion drain was used. 13 There was no difference among the groups in our study regarding cardiovascular complications. There was a higher rate of asymptomatic deep-vein thrombosis in the bilateral groups compared with the unilateral group, but no difference between the simultaneous or staged groups. This is a consistent finding in other series. 1, 10, 14 It should be noted that due to the sensitivity of Doppler ultrasound, pelvic vein thromboses may have been missed. However, the rate of pulmonary embolism did not differ between the bilateral groups. Additionally, there was no difference in peri-operative mortality among the groups or in the rates of mortality during the follow-up period.
Overall, there appears to be no difference in the rates of complications between a simultaneous and a staged bilateral TKA but both strategies have a significantly higher overall rate of complications than a unilateral procedure.
There was a significantly lower rate of infection in the bilateral groups when compared with the unilateral group. There were two revisions for infection in the bilateral groups and three in the unilateral; the overall incidence of revision for infection was 0.38%. There was no difference between the groups when looking at the overall rate of revision. A bilateral procedure did not have a detrimental effect on the survival of an implant. This was consistent with the findings of Ritter et al 1 in a study involving 6200 TKAs. Patient satisfaction after the bilateral procedure was high. At one year the Knee Society score was significantly higher in the bilateral groups. This finding has been reported in other studies with significantly better WOMAC and SF-36 scores up to one year after operation. 4 This difference was not seen at five and ten years but the overall improvement of all groups was maintained. The range of movement of the prosthesis was unaffected by the implantation strategy. Our mean post-operative range of flexion in the whole cohort was 115˚ at five years.
Potential economic and logistical benefits from simultaneous rather than staged procedures have been described. 4 Only one anaesthetic is required with a reduction in operating time. The length of hospital stay has been consistently shown to be the same for uni-and bilateral procedures. Physiotherapy and discharge co-ordination arise only once. In Australia it has been shown that the out-of-pocket expenses for the patient are lower than a staged procedure. 4 However, the financial savings have been questioned when rehabilitation costs are considered. 15 The exact savings in time and cost remain debatable.
In conclusion, we found that a bilateral procedure had a significantly higher overall rate of complications than a unilateral procedure due almost entirely to thromboembolic problems. This did not correspond to an increase in the rate of mortality. If a bilateral procedure was indicated then a simultaneous procedure had no increased risk over a staged procedure. There was no increase in cardiovascular complications, the rate of deep-vein thrombosis and pulmonary embolism or mortality. The rate of infection was lower with a bilateral procedure and the overall revision rate was less than 1% in all groups. The prosthesis functioned as well in both bilateral and unilateral procedures in the medium and long-term periods. The Knee Society scores were not significantly different.
We support the practice of simultaneous bilateral TKA using an uncemented design and feel that it is a safe, successful and cost-effective strategy for the treatment of bilateral arthritis of the knee.
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